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A  NOTE  UPON  THE  GROWTH  OF  PNEUMOCOCCI  AND 
STREPTOCOCCI  IN  BLOOD  SERUM. 
BY  WAKFIELD  T.  LONGCOPE,  M.D. 
Director of the A yer Clinical Laboratory  of the Pennsylvania  Hospital. 
During the investigations described in another paper defibri- 
nated blood and blood serum were frequently used, either alone 
or mixed with agar, as  media upon which to grow pneumoeocci 
and streptococci.  It was immediately noted that the organisms 
grew very differently  in serum obtained from different individuals. 
The  variations  were  so  marked  and  the  results  obtained  so 
striking that it was decided to study the matter more carefully. 
To  this  end the  growth of pneumococci and  streptococci was 
studied in the blood serum of thirty-two individuals.  Besides 
the human sera, horse's serum, calf's serum, and rabbit's serum 
were used. 
In the researches conducted by Besangon and Griffon,  1 Huber, 2 
Neufeld,  3  and  Wadsworth 4  upon  the  agglutination  of  pneu- 
mococci by the serum of pneumonia patients and of immunized 
animals,  certain changes besides  the  actual  agglutination were 
noted  in  the  bacteria  and  serum.  Huber  in  particular  calls 
attention  to  the  heavy precipitate  formed by  growing  pneu- 
mococci  in  pneumonic  serum,  a  phenomenon  which  did  not 
occur in  the  serum from  normal individuals,  when used  as  a 
culture  medium for  pneumococci.  Neufeld  describes  swelling 
of the capsules of the pneumococci when treated with the serum 
from cases of pneumonia or from immunized animals.  Wads- 
worth  has  confirmed these  observations.  Recently Rosenow s 
has  called  attention  to  another very interesting  result  of  the 
I Annal.  de l'Inst.  Pasteur,  19oo,  xiv,  449- 
2 Cent. f. inn.  Med.,  19o2 ,  4i 7. 
3 Zdt.  f.  Hygiene u. Infectionskrank.,  i9o2,  xl,  54. 
* Journal  of Med.  Research,  i9o3,  x,  228. 
Journal  of Infectlous  Diseases,  i9o4,  ii,  280. 
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growth  of  pneumococei  in  pneumonic  serum.  After  two  or 
three days' growth acid is formed in the serum.  This does not 
occur when the serum from normal individuals is used.  Scarlet- 
fever  serum,  however,  did  yield  acid.  The  rich  precipitate 
which forms in the serum after the growth of pneumococci  is due, 
at least in part, as Rosenow thinks, to the action of the acid upon 
the serum, and is not entirely formed, as was thought by Huber 
and Wadsworth, by masses of agglutinated pneumococci. 
The  pneumococci in  the  present  study  were  obtained  both 
from the saliva of normal individuals and from the consolidated 
lungs  in  cases  of  lobar  pneumonia.  The  streptococci  were 
procured from the saliva of normal individuals and from patho- 
logical conditions. 
The serum was obtained from persons suffering from various 
diseases.  In  all  there were fifteen cases of pneumonia, five of 
chronic  nephritis  and  ureemia,  two  of  general  streptococcus 
infection, one  case  of  gonorrhoeal  endocarditis (gonococcus re- 
covered in  blood  culture),  three cases of tuberculosis,  one  case 
of acute articular rheumatism, four cases in which the diagnosis 
was  not  absolutely  certain,  and  one  normal  individual.  To 
collect the  serum, about  2o c.c. of blood were drawn from the 
arm vein and allowed to clot in a  cool place ; after from twenty- 
four to forty-eight hours the serum was drawn off.  The proper- 
ties of the serum, so  far as  the growth of  the pneumococci and 
streptococci was concerned, did  not alter  with  age.  The same 
reactions were seen in the serum twenty-four or forty-eight hours 
and several weeks after the blood was drawn.  From 2 to 5 c.c. 
of serum were used as a culture medium. 
In the normal serum the pneumococci produced a slight cloud, 
the  streptococci  a  granular  sediment.  The  serum  remained 
alkaline.  In the serum from the cases of pneumonia the growth 
of the pneumococcus was extremely interesting.  After twenty- 
four hours there was a  diffuse cloud, often with a  heavy, whitish 
precipitate, and the fluid appeared a  little thick.  The reaction 
varied, with litmus as an indicator, from neutral to well-marked 
acidity.  In  hanging-drop preparations small clumps of highly 
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size  of pneumococci but  had  much the  same  morphology and 
appeared as pneumococci with greatly swollen capsules.  Besides 
these swollen clumps there were many single cocci which were 
not swollen and many minute granules, the morphology of which 
could not be definitely determined.  Preparations  stained with 
the usual dyes showed well preserved pneumococci with capsules. 
The clumps of swollen refractile bodies stained poorly and only 
occasionally could they be identified as bacteria. 
With  increased  growth the  cloud  and  thickening progressed 
until after from six to eight days the fluid was opaque, white, of 
almost  semi-solid  consistency,  and  looked  much  like  highly 
albuminous  urine  after  treatment  with  heat  and  acetic  acid. 
During the growth the acidity steadily increased.  At the end of 
from six to eight days' growth, it usually required o. 3  to o.7 c.c. 
of ~  N. sodium hydroxide to neutralize ~ c.c. of the serum, when 
litmus was  used  as  an  indicator.  With  continued growth the 
masses of swollen refractile bodies increased greatly in size and 
numbers;  the remainder of the cloud seemed to be made up of 
fine granules.  With the various  dyes only a  few pneumococci 
took the stain.  The  streptococci grew in an entirely different 
manner.  They usually produced no  cloud  but a  fine granular 
sediment, often grew very poorly, and never gave rise to an acid 
reaction. 
The heavy clouding formation of precipitate, thickening, and 
acid production took place in the serum from all but four of the 
cases  of  pneumonia.  In  two of these instances the blood  was 
drawn after  the  crisis;  and in the others on the day of the crisis 
and during  a  post-pneumonic empymma respectively.  Table  I 
gives the days upon which the blood was drawn. 
The reaction just  described was  not found to be specific for 
pneumonic sera.  Practically the same alterations were observed 
when  pneumococci were  grown in  the  sera  from two  cases  of 
general  streptococcus  infection,  from  a  case  of  gonococcus 
endocarditis,  and  from  a  case  of  acute  articular  rheumatism. 
Slight  clouding  and  moderate  quantities  of  acid  were  formed 
with the sera from the five cases of chronic nephritis and urmmia. 
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~  N. sodium hydrate to neutralize z c.c. of serum.  In the sera 
from three patients  suffering with tuberculosis there was  only 
a  faint cloud and no  acid.  Two  of these were cases of. acute 
tuberculous pneumonia.  It would be interesting to investigate 
this  subject further.  No  acid,  and very faint cloud  were pro- 
duced  in  beef and  horse  serum.  Traces of  acid appeared  in 
calf  serum,  while  in. normal  rabbit  serum  the  reaction  was 
definitely acid. 
TABLE  I. 
ACID  PRODUCTION  BY  GROWTH  OF  PNEUMOCOCCI  IN  PNEUMONIC  SERUM. 
Acid Production 
Day of Disease on  which Blood was Drawn.  No. of Cases.  after 4-5 Days' 
Growth 36.S  °  C. 
2d ....................................... 
4th ....................................... 
6th ....................................... 
7th ....................................... 
9th ....................................... 
xoth ...................................... 
Day  of crisis .............................. 
4th day  after crisis ........................ 
5t  h  .....  ..  oo .................... 
Undetermined  length of time, empy~ema  ...... 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+- 
+- 
+ 
Besides  blood  serum,  pleural  and  spinal  exudates  were  ex- 
amined  to determine if  in  these  fluids  acid was also  formed. 
One cloudy pleural exudate from which the pneumococcus was 
recovered in cultures gave a  moderate acid reaction both before 
and after growth at  35.5 ° C.  One pleural exudate from which 
streptococci were  recovered in  cultures  gave  no  acid  reaction 
even  after  several  days'  growth at  35.5 ° C.  The  spinal  fluid 
from two  cases of  meningitis caused by the pneumococcus gave 
no acid reaction.  The spinal fluid from seven cases of meningitis 
due  to  the  meningitis  coccus  gave  no acid  reaction, and  the 
spinal  fluid  from one  case  of tuberculous  meningitis  (tubercle 
bacilli were demonstrated in the fluid) gave no acid reaction. 
There  is  then  some  substance  which  makes  its  appearance 
in the blood serum under certain conditions and from which the 
pneumococcus is  capable  of  forming large  quantities  of  acid. 630  Growth of Pneumococci and Streptococci 
This  substance is  present with  great  constancy and  in  large 
amounts during an attack of pneumonia, but seems to disappear 
rapidly after the crisis.  It may be present in general strepto- 
coccus and gonococcus infections, in acute articular rheumatism, 
and  in  comparatively small  amounts  in  ur~emia  and  chronic 
nephritis.  So far as the present observations go, it has not been 
demonstrated in cases of pulmonary tuberculosis, in the serum 
from  normal  individuals,  or  in  horse  or  beef  serum.  Traces 
could be shown to exist in  calf and rabbit  serum.  Apparently 
the  substance does  not pass readily from  the  blood into  exu- 
dates,  for  only  small  quantities of  acid  were  formed  in  the 
pleural  exudates  caused  by  the  pneumococcus,  and  none  in 
the cerebro-spinal exudate.  The nature of the substance could 
not be  discovered.  Almost certainly it  is  not glucose,  for the 
fresh serum  did  not  give  the  reaction for  this  sugar,  and  the 
large  quantity of  acid  formed precludes  the  idea  that  it  may 
have arisen from traces of glucose.  It has been shown by Hiss 6 
that the  pneumococcus is  capable  of  fermenting a  long list of 
carbohydrates including the  starches,  such as  inulin,  which is 
not acted upon by streptococci.  He suggests further that gluco- 
proteids and nucleo-proteids may also be used in the complicated 
metabolic processes of the pneumococcus. 
Rosenow noted that if pneumonic serum was heated to 55° C. 
and then used as a  culture medium for the pneumococcus, the 
amount of acid formed was much less than  if unheated serum 
was employed.  The same results were obtained in a  number of 
our cases.  If, however, the serum was heated to  56°-6o  ° C.  for 
a greater length of time, usually one or two hours, the growth of 
the  pneumococcus produced firm clotting of the  serum within 
two to three days.  This coagulum dissolved on the addition of 
alkalies.  The same experiment was repeated several times.  If 
by the growth of pneumococci in any blood serum, acid was pro- 
duced in such amounts that it required from 0.2 c.c. to o.6 c.c. of 
i~ N.  sodium hydrate to  neutralize  i c.c.  of serum,  heating to 
57°-6o°C.  produced  a  firm  white  coagulum.  This  occurred 
whether the serum was  heated before the growth of the pneu- 
6 ]our.  o/Exper.  Med.,  19o5,  vi, 317. Warfield  T.  Longcope  631 
mococcus  or  afterwards.  Heating  of  the  serum  alone  to  57 ° 
produced no visible  change.  Heating  to  69o-72o C.  gave rise to 
a  firm  jelly-like,  clear  clot.  Without  heating,  the  growth  of 
pneumococci  produced  acid  but  gave  rise  to  no  coagulum. 
The coagulum was always  soluble in an excess  of alkali.  When 
the serum was  neutralized  before  heating,  coagulation  did  not 
take place until the serum was heated to 550-7 °o C. 
Further  experiments  showed  that  the  addition  of  definite 
amounts  of  lactic  acid  to  several  different  sera  gave  rise  to  a 
coagulum when the serum was heated to 57 ° C., exactly like that 
obtained with the serum in which the pneumococcus  had grown 
and produced acid.  If, however, acid was added below a certain 
limit  or  above another  limit,  coagulation  did  not take place  on 
heating.  The  amount  of  acid  required  was  exactly  that  pro- 
duced in the pneumonic sera by the growth of the pneumococcus, 
as the following table shows. 
TABLE  II. 
Serum 
S@~f  .................................... 
::::::::::::::::::::::: 
++  ++  ~c 
2  ...................... 
++  ++  ~+ 
ic  ~+ 
lc  ++ 
~t  c~ 
Amount of ~  N. So- 
dium  Hydrate Re- 
quired  to Neutralize 
i  c.c. of Serum after 
Addition of Lac- 
tic Acid. 
I5 
6 
I 
4 
I  o 
I5 
4 
.9 
1.2 
.2 
-35 
.6 
Temperature at 
which Serum 
Coagulates. 
72 ° C. 
57o  ,, 
720  ,, 
57 °  ,, 
57o  ,, 
6So  ,, 
57o  ,, 
65o  ,, 
75o  ,, 
70 °  ¢+ 
57  °  ,, 
57o  ,, 
The fact that comparatively  large quantities of acid could be 
added to, or produced  in pure serum without the coagulation  of 
the serum, suggested  that the clotting of the serum-inulin water 
of Hiss was not entirely dependent  upon  the acid formed  by the 
fermentation  of the carbohydrate. 
Beef serum was used in the preparation  of the latter medium. 632  Growth of Pneumococci and Streptococci 
The  blood was  carefully collected  and  the serum kept under 
sterile conditions.  Before  making  up  the  medium, specimens 
of the serum were incubated at 37 ° C. to make sure that the fluid 
was not contaminated.  To this unheated serum sufficient quan- 
tities of sterilized inulin water were added to give the final mix- 
ture the proportions as described by Hiss.  Pneumococci grown 
in this unheated serum-inulin water gave rise to large quantities 
of  acid,  but  produced  no  coagulum.  The  medium  remained 
absolutely fluid though a  little turbid.  For the coagulation of 
this medium, heating at least above 57 ° C. is absolutely essential. 
That blood serum when diluted with two parts of water does 
not  coagulate  on  boiling  seems  to  be  unexplained.  But  this 
heating  must  have  some  effect  upon  the  serum.  The  fluid 
appears  almost clear, and if passed  through a  Berkefeldt filter 
becomes  absolutely  limpid.  Nevertheless,  this  serum  differs 
from unheated serum in the fact that by the addition of small 
quantities of acids coagulation takes place immediately.  Even 
pure albumen may be sterilized in a Koch autoclave without fear 
of  coagulation,  provided  the  albumen  has  been  previously 
diluted with two to three parts  of water.  If,  however, certain 
substances  are  added,  coagulation takes  place  promptly.  At- 
tempts  were  made  to  grow  pneumococci in  pure  diluted  egg 
albumen.  Mixtures of one part of egg albumen and two parts of 
water  were  sterilized  at  ioo  ° C.  The  mixture  remained  ab- 
solutely  fluid  but  it  was  found  that  pneumococci would  not 
thrive  in  the  medium.  Salt  and  peptone  were  added  to  the 
albumen water,  but  it  was impossible to  sterilize this  medium 
on account of the coagulation which took place. 
It  seems  possible  therefore that  when  serum  diluted  with 
water is heated to ioo  ° C. the albumens and globulins are altered 
and are perhaps present  in  a  so-called colloidal state.  In this 
condition, additions of small  amounts of  acids cause rapid  pre- 
cipitation  of  the  albumens  and  globulins  and  hence  produce 
coagulation of the medium. 